Two different sources of ultraviolet B (UVB) radiation, an electronically controlled UVB exposure unit, containing FS40 tubes, and a hand-held Kromayer lamp, were evaluated for actual irradiance in W/m 2 and spectra (physical dosimetry and biological dosimetry (skin effects in rodents)). The technical studies of the FS40 sources demonstrated that the flux intensity of the lamps could be changed electronically, without affecting the spectrum. Thus it was possible to standardize UVB exposure electronically.
and the extrapolation of published animal data to the human situation nearly impossible. In addition, in order to study phenomena such as UV-induced immunosuppression, it is important to obtain UVB doses below the erythema and oedema level without causing pain and distress, which by themselves may have consequences for immunological responses. An exact description of UV exposure (wavelengths and intensity) is vital when comparing data with published work, and with the natural conditions (sun-emissions) outdoors.
The variations in exposure protocols arise especially from differences in: (I) Physical dosimetry: Differences in physical dosimetry are caused by several factors. Firstly, the emission spectrum of the UV lamp used is source specific which is critical for the biological effects induced by the lamps. Secondly, the evaluation of the UV emissions of artificial sources is achieved using several UV detectors, which are often dissimilar in their sensitivity to UV light, and may also differ in their final read-out. Finally, the distance between source and subject, the angle between source and subject and the presence of interfering objects, such as iron bars on the cages of animals, may influence the actual exposure of laboratory animals to UV light. (2) Biological dosimetry: In order to establish well-designed dose-response assessment studies, it is necessary to work out a relationship between technically measured doses (e.g. J/m2) and biological effects in the animals. A useful biological read-out system is the minimal erythema dose (MED), the dose of UVB radiation which induces a slight redness of the skin. The MED is an easy read-out system, if it is carefully standardized e.g. for site and time-gap irradiation observation. In addition, as demonstrated by De Gruijl et al. (1993) , it has relevance for other UV-induced effects such as photocarcinogenesis. For that reason, the MED is frequently used to quantify the biological impact of the UV dose used. There are some indications that the MED, determined 24 h after irradiation does not always correlate to, for instance, immunosuppressive effects of UV radiation (Noonan & Hoffman 1994).
In this paper methods of UVBirradiation of laboratory animals, using two different artificial UVB sources are described:
(1) The Westinghouse FS40 lamp is a neon bulb, with a spectral peak at 313 nm which are used for whole-body, (semilchronic UVB exposure in laboratory animal experiments. Before the introduction of therapeutically highly effective UVB bulbs such as the Philips TLOl, the 59 FS40 was frequently used in the therapy of skin diseases such as psoriasis.
(2) The Kromayer Lamp Model lOS is a source of UV radiation, emitting in the 254-436 nm wavelength band. This lowcut filtered (passing wavelengths > 290 nm) version of this lamp is employed for local and acute UV exposure in the laboratory set-up.
Both UV sources (physical set-up of the exposure units, emission spectra of the lamps, dimming facility) were evaluated by employing several measuring devices and biological read-out systems. One of the objectives was to discover biologically relevant doses (BROs)that might be used for photo immunological studies.
Materials and methods

Physical dosimetry
UV exposure An electronically controlled system (Fig 1Al was developed in which it was possible to expose laboratory animals to UVB radiation for various lengths of time over long periods. Two FS40 tubes (Westinghouse, Bloomfield, NT,USA) were placed into a lamp fixture, which is painted black inside in order to minimize reflection (also in the UV range). The tubes were wrapped in an iron wire mesh to facilitate electronic dimming. The lamp fixtures were connected to an electronic switchbox (Fig IBI in which Lacron microcomputer timer devices (Cematic-Electric, Hengelo, The Netherlands) were installed. With the timer devices it was possible to control the exact time period (in minutes exactly) in which the animals were exposed to UVB irradiation. In this switch box, there were also switches necessary for the reduction (dimming) of the intensity of the UVB exposure from the FS40 lamps. Finally, light registration sensors (RIVM, Bilthoven, The Netherlands) were added to the exposure units. Through these sensors the actual exposure time was controlled and possible disturbances were registered. These sensors were used in order to control the exposure time only, thus not for In photo B, examples of the timer (ti) and the dimming switches (di) are shown. In pho~o C,the treatment-head (tr) and the Scott WG30S filter (fi) are presented spectrum measurements or dosimetry. For the emission measurements UV detectors were used as stated below.
A hand-held system (Fig lC) was developed in which it was possible to expose animals to UVB irradiation using the Kromayer lamp (Hanovia, Slough, UK). In the treatment-head (approximately 2 cm 2 ) which contained a medium pressure mercury vapour arc tube cooled by means of circulating water, a Schott WG305 filter (Schott, Germany) was mounted in order to cut off especially UVC radiation (wavelengths < 290 nm). An electronic timer was connected to the shutter (Prontor Magnetic, Calmbach, Germany), which made it possible to expose the animals to incremental doses from 1 second up to 64 seconds. For the experiments it was vital to handle the animals two weeks before exposure, so that they became accustomed to the Exposure of rats and mice to UV radiation protocol. In addition, the controls were sham-irradiated, in order to control possible stress influences.
UV detector Measurement of the emission of UV light, by the two artificial sources tested, the FS40 and Kromayer lamp, is not only dependent upon the source used but also on the spectral response of the measuring device chosen.
Broadband UV measurements were done with a KippEll thermopile which is anually calibrated by the manufacturer (the background from visible light was determined by the insertion of a GG400 filter to cut out wavelengths below 400 nm). For a full spectral analysis we used a spectroradiometer, the spectroradiometer Optronics OL-752-0-PMT is a modular system which is able to measure surface irradiance (W/m 2 ) at each wavelength leading to a total output spec-. trum. The hood system of the OL-752 contains a double monochromator and a controller (portable computer). The double monochromator is able to scan the light by a previously established protocol. It is possible to scan anywhere between 250 and 800 nm. The meter can, for instance, be employed for detection of UV radiation from the sun. In the standard procedure there are two light collectors available:
(1) Integrated sphere which can be directly attached to the monochromator. (2) Side view cosine corrected teflon collector connected to a quartz fibre hooked up to the double monochromator. This system can be used to measure UV in a setup which is difficult to access (e.g. within small laboratory animal cagesl.
This meter was used to scan the irradiance spectra of the different lamps used, with the quartz fibre as light collector. The Optronics OL-752 was calibrated against a 200W tungsten coiled filament, standard lamp with a certificate traceable to the American National Institute of Science and Technology (NIST 1973 norm); wavelength calibration was done with the spectral lines from a mercury lamp (e.g. the Kromayer lampl.
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Biological dosimetry
Animals Male RIV-Tox Wistar rats (outbred, SPF, 6-8 weeks old, RIVM, Bilthoven, The Netherlands) and BALB/c mice (inbred, SPF, 6-8 weeks old, RIVM, Bilthoven, The Netherlands) were housed under conventional conditions on sawdust (free of toxic compoundsl in macro Ion cages. They were provided with coi1Ventional diet (RMH-B, Hope Farms BV,Woerden, The Netherlandsl and tap water ad libitum. One animal was housed in each cage. Temperature (20°C ± l°q and humidity (45-65%) were constant for the exposure time. Light/dark schedule was constant 12/12 h (light on from 07:00 h until 19:00 h). Light was provided by a Philips 16, yellow fluorescence lamp, emitting no UVB. Before exposure, the hair from the dorsum of Wistar rats and BALB/c mice was removed using an electric razor. Prior to shaving, the rats and mice were anaesthetized with ether. The animals were exposed for 30 min to the FS40 lamps (dimmed more or less in order to expose them to different doses) or during different periods in seconds (depending on the dose) to the Kromayer lamp.
Protocol of biological dosimetry
In a comparative single dose experiment BALB/c mice and Wistar rats were exposed to incremental series of UVB exposures from the Kromayer lamp or the FS40 banks. The rats and mice were macroscopically followed for 48 h after the exposure. After this the animals were killed and the skin was examined macroscopically and histologically. The effects in the skin were related to the exposure doses used.
Macroscopic examination of the skin A differentiated, but simple scoring scheme was used to quantify macroscopic effects such as erythema and oedema in rats and mice (Table 11 . This scheme provides a semiquantitative method to analyse visible changes in the skin in order to determine differences in the severity of the effects found. A MED was set at one point on the scale [score I), which is equal to a slight redness or a light swelling, as presented in Table 1 . In a total score erythema and Exposure was presented as the actual doses of UV irradiation to which the animals were exposed in W/m 2
Results
Physical dosimetry FS40 lamps emitted the total spectrum of ultraviolet radiation (UVR) of which 0.6% was uve (250-280 nm), 53% was UVB (280-315nm) and 46% was UVA (315-400 nm) with an UVB energy load of approximately 1.6 W1m 2 (at 25 cm beneath the two lamps) (Fig 2) . The UV output decreased with burning time. During the first 100 h the intensity of the lamps decreased rapidly. Afterwards the intensity of the lamps levelled off in time. For this reason 100 h pre-burning was used to stabilize the lamps. After 2000 h the intensity was decreased to 60% of the original output. In the present experiments the lamps had been used for 1000 h or less.
The effect of dimming of the intensity of the FS40 lamps using the described exposure units on the wavelength spectra of UV sources was tested; lowering the intensity of the Microscopic examination of the skin Two strips of the dorsal skin (FS40) were sampled and fixed in formaldehyde solution according to the 'Swiss roll' technique (Moo1enbeek & Ruitenberg 1981). In the case of exposure using the Kromayer lamp, small pieces of skin from the exposed and non-exposed (control) flank were taken. The formalinfixed tissues were embedded in paraplast and 5 11mthick tissue sections were prepared and routinely stained with haematoxylin and eosin. Six different parameters were scored: Biological dosimetry of UVB exposure Macroscopic examination of the skin revealed that the doses up to 6000 J/m2 were not able to cause more than a slight redness or oedema. It was easier to score redness or oedema induced by the Kromayer lamp than by the FS40 lamp. The shaven skin spots (2 cm 2 ) which were irradiated with the Kromayer lamp were compared with non-irradiated skin of the same animal. In the case of whole body FS40 exposure, there was not such a clear control on the same animal. The MEDKromayer for the mouse was 480 Jlm 2 , while the MEDFS40 was 2000 J/m 2 . The MED values for the rat were higher;
MEDKromayer was 640 Jlm 2 , while the MEDFS40 was 3000 J/m 2 . In both animals, there was a positive correlation between erythema (MED) and UVB exposure (r=0.6, P < 0.001). Because redness or oedema reactions, induced by the highest UVB doses in these studies, might lead to discomfort to the animals it is not advisable to investigate the effects of UVB doses that lead to redness or oedema. The discomfort in these animals (stress) might influence the (immune) parameters that will be studied. In the planning of UV exposure experiments animal welfare had to be taken into account seriously by the animals simultaneously, excluding 10 control animals on the top of the exposure unit, which were sham-exposed to the Philips TL16 source (that did not emit any UVB radiation). Variation occurred at the ends of the lamps, as demonstrated in Fig 3B. Another variation arose in the cages, i.e. in the corners of the cages the exposure levels were lower. Measurement of this variation of exposure indicated that there were differences in irradiance in one cage (up to a decrease by 20% of the maximal value). Additional interference from the food and water on the lid on the cage was prevented by feeding the water sideways into the cage and placing the food at the bottom of the cage.
The Hanovia Kromayer lamp ( Fig IB) emitted (using the Schott-WG305 cut-off filter) the total spectrum of UVR of which 3% was uve, 45% was UVB and 52% was UVA (Fig 2) . Total UVB energy measured was 20W/m 2 . In A data are presented as percentage of the maximal intensity. K is a percentage of the maximal intensity, calculated for the total spectrum (250-500 nm). In B the variation is presented as a percentage of the exposure in the center, for UVC, UVB, UVA, blue light and the total spectrum. The bars represent the different positions beneath the lamps lamps did not affect the spectra of the lamps (Fig 3AJ The distance between the exposure unit and the back of the exposed animals was approximately 25 cm and this minimized the variation in the intensity of UV exposure at the level of the exposed dorsum of the animals. Beneath every lamp fixture it was possible to place five macrolon cages with individually-housed animals. In an exposure rack, six shells with two lamps each were present, and it was possible to expose 30 principal investigators as well as by animal welfare ethical committees.
In the skin of mice and rats several microscopic effects were detectable (Fig 4) . Dose-response analyses of the microscopic effects indicated that even a low (suberythemal) UVB exposure using the Kromayer (threshold dose = 250 J/m2) and the FS40 (threshold dose = 1000 J/m2) lamp induced acanthosis, hyperkeratosis, parakeratosis and an inflammatory response in rats as well as in mice. The effects increased after higher doses. Thus, these changes appeared at sub-erythemal dose already and showed a dose response relationship. The correlation between histopathological changes and UVB exposure was high. UVB exposure by the Kromayer was biologically active at a lower dose range than UVB exposure by FS40 lamps. Regarding histopathological changes for most parameters, mice were more sensitive to UVB exposure than rats.
Discussion
In this study different protocols (physical setup, two sources) for UVB exposure were evaluated. Measurement of the artificial (filtered) sources, the FS40 and the Kromayer confirmed that they emitted predominantly a mouse exposed for one day to 4.5 kJ/m 2 ; H&E x 110. Epidermal changes consist of minimal acanthosis and parakeratosis (arrow). A moderate mixed inflammatory reaction is present in the dermis and subcutis (arrowheads). C: Skin of a control rat; H&E x 45. Inset: H&E x 110 demonstrating the difference in dermal thickness between mouse (A) and rat. 0: Skin of a rat exposed for one day to 6 kJ/m 2 ; H&E x 45. Epidermal changes consist of mild acanthosis and hypergranulosis (between arrowheads) and moderate hyperkeratosis (arrow). A slight inflammatory influx is present in the dermis. Inset: acanthosis and hypergranulosis (between arrowheads) and hyperkeratosis (arrow); H&E x 110 UVB radiation. The study on the physical dosimetry demonstrated that the FS40 lamps are suited to perform animal experiments, where it was possible to control the exposure time and the irradiance intensity, without affecting the spectrum. The differences in actual exposure caused by differences in position under the FS40 lamps (in the middle or at the end), were averaged out in (semi) chronical experiments by rotating the cages on a shelf on a day-to-day basis. Other factors that might influence the exposure like diet, temperature, humidity were kept constant as far as possible.
The FS40lamp is the most commonly used artificial UVBsource in photoimmunological research, which makes comparisons with other experiments in this field less complicated. Of nine relevant publications (Brozeket al. 1992 , Gensler 1992 , Gilhar et al. 1992 , Kitajima &. Imamura 1992 , Moodycliffe et al. 1992 , Reeve et al. 1993 ,Wolf et al. 1993 , Shimizu &. Streilein 1994 , Walker &. Young 1995 in photoimmunology the FS40/20 lamps were used, while in three other cases almost similar TL lamps were used (Philips TL-12, Oliphant FL40SE,Toshiba FL20S/E30).
Our experiments demonstrated that the Kromayer lamp had some (major) advantages for photoimmunological studies:
(1) The size and the location (e.g. the neck or the flank) of area of the skin which is exposed to UVB is exactly known, which is important to determine the quantitative relationship between total UVB exposure dose and the biological (e.g. immunosuppressive) effect.
(2) This lamp is already used in human therapy and therefore can be applied to experiments with human volunteers. This makes it possible to compare the response in rats and mice with humans. (3) Cut-off filters on the Kromayer lamp can be used in order to obtain a wavelength action spectrum of the effect studied.
A major disadvantage of the Kromayer lamp is that for animal exposure it is vital to handle the animals two weeks before exposure to minimize stress resulting from animal handling. In addition, the controls were sham-irradiated, in order to control possible 65 stress influences. The handling and exposure of the animals are costly in terms of manpower and time.
Alternatives for the sources in this study are the Xenon Arc lresembles sun spectrum quite well) lSwatland &. Irie 1992 , Hampton et al. 1994 or Philips TL-Ol lamps (Gibbs et al. 1995, Hansen et al. 19951 ,which have no high UVC or low UVB radiation in their spectrum. However, at this moment these lamps are still quite expensive, and results from experiments with these sources are difficult to compare to the majority of the photo immunological studies.
The biological dosimetry experiments illustrated that UVB exposure of BALB/c mice and Wistar rats induced histopathological effects, such as acanthosis, hyper-(para)keratosis and dermal inflammation at lower doses than erythema. In both species a positive correlation between erythema and UVBexposure was present. Also a correlation between histopathological effects and UVB exposure was observed, even at lower doses compared to the erythema. Thus, both the MED measurement and histopathology of the skin can provide reasonable parameters in measuring biologically relevant doses lBRDs).A recent study by Learn et al. (1995) indicated that the minimal immunosuppression dose for an unfiltered FS40 lamp was 0.25 kJ/m 2 total UV (C3H mouse), while the minimal oedema dose was 1.0kJ/m 2 total UV. This indicates that the lowest UV(B) doses which give a histopathological effect might give a better indication of the BRD than the MED value.
The differences in biological activity of the Kromayer and the FS40 lamps are most likely due to dissimilarities in the field size and actual wavelength spectra. One reason may be that UVB exposure by the Kromayer was dosed in a very short time (in seconds; very high intensity), while the exposure to FS40 required a longer period (in minutes). It is possible that very high, acute UVB doses, will cause extra damaging effects.
It should be realized that in this study the effect of total UVB was investigated. Of course it is very worthwhile to analyse relative spectral effectiveness between different wavelengths within the UVB part of the spectrum. For contact hypersensitivity, mixed skin lymphocyte responsiveness, DNA damage, and erythema/oedema reactions are already very well documented. In particular the Kromayer lamp might be very useful for wavelength studies because it is very easy to incorporate cut-out filters in it. The only problem is that this lamp is only used for acute UV exposure experiments.
Our study indicated that UVB exposure induced similar macroscopical and microscopical changes in the skin of BALB/c mouse and Wistar rat and that differences in sensitivity might be related to the thicker epidermis of the Wistar rat (thicker stratum corneuml compared to the BALB/c mouse.
The doses of UVB radiation which induced histological changes were low, especially if they are compared with the UVB doses in some of the reference studies (Brozek et al. 1992 , Gensler 1992 , Kitajima & Imamura 1992 , Wolf et al. 1993 ). The relevance of the studies in which animals are exposed to UVB doses equal to 10 MEDs (20 kJ/m 2 ) or more, is debatable in the view of the authors. It can be imagined that ulceration processes in the skin, as demonstrated after 3 kJ/m 2 UVB in this study, burning of the eye and other traumatic events, will disturb the experiments in such a way that effects of UVB irradiation on, for example, the immune system cannot be regarded as direct photoimmunological effects solely, but may be due to aspecific secondary traumatic stress response. In addition, the final purpose of environmental photobiological research is to evaluate the possible risks of a decreased thickness of the ozone layer. The estimated UVB increases caused by the decreased thickness of the ozone layer are relatively small and will be in the range of a few BRDs, but not in the range of several MEDs (Caldwell et al. 1989). This study provides data to evaluate the effectiveness of UVB exposure units used. It is possible to irradiate several animals at the same time with controlled doses of UVB radiation. It is likely to observe histopathological changes, in the absence of erythema or oedema in this standardized protocol using low-dose UVB irradiation. These sub-erythemal doses of UVB irradiation may be used as Goettsch et al. BRDs for the studies of the immunosuppressive capacity of UVB radiation. It may be possibile to use BRDs in order to translate data obtained from studies concerning the immunotoxic effect of UVB irradiation in laboratory animals (Goettsch et al. 1994a , Goettsch et al. 1994b actual outdoor exposure and calculate the risks of UV exposure for the human population. Finally, it is also possible to use these UV exposure units with other TL lamps in order to obtain an action spectrum for the effects of UVR on the immune system, in particular on the resistance to infectious diseases (Madronich & De GruijI1994). In particular the Kromayer lamp might be very useful in order to obtain an action spectrum for the UV effects on the immune system if used with appropriate optical filters to highlight those wavelengths which are most significant.
